Abstract: The consumption of direct energy in the semi modern and modern Sri Lankan rice mills were studied to determine the energy consumption pattern, in order to enhance the energy conservation opportunities. In this paper, energy audit surveys of six-rice mills are presented from major rice processing districts of Polonnaruwa and Anuradhapura, which are geographically located in the North Western Province of Sri Lanka. Electrical and thermal energy, daily electrical consumption, husk utilization and boiler evaporation data were recorded and annual production and energy data were also collected. These data were evaluated in terms of the electrical and thermal specific energy, daily electrical and thermal energy consumption patterns, thermal and electrical sharing percentage and boiler efficiency. On an average basis, specific energy required to produce one ton of rice in semi modern and modern rice mills are as follows: electrical energy requirement is 42.84 kWh/ton and 41.10 kWh/ton respectively; thermal energy requirement for both drying and parboiling is 917 MJ/ton and 1092 MJ/ton respectively. During this process, boiler efficiency was about 30 % while utilizing 95% of husk produced in the rice mills.
Introduction
Rice is the staple food of half the world's population. It is also the staple food in Sri Lanka and approximately 2.8 million metric tons of paddy (rough rice) is produced annually. Rice processing is acknowledged to be the largest agro based industry in the country, turning more value of product than any other industry [12] . Rice processing is carried out in several parts of the country and there are about 7000 mills in operation in Sri Lanka. However, more than 42% (around 2940) of rice processing mills come under the category of semi modern or modern rice mills. These rice processing mills produce husk (20% of paddy) at the rate of more than 200 kg/hr because these mills have the paddy processing capacity of more than 1 ton/ hr [14] .
There are two types of rice available in the Sri Lankan market as parboiled and raw rice. In the case of raw rice, the paddy is processed without any treatment. However, parboiled rice is produced by subjecting to a soaking, steaming and drying treatment to paddy. Rice milling is the removal and separation of the husk (dehusking) and the bran (polishing) to produce the edible portion (endosperm) for human consumption.
Rice processing operations require electrical energy to run the machines specially to rotate the electrical motor. And thermal energy is required for parboiling, soaking and drying operations of paddy. The parboiling process is used to increase the moisture content of paddy from 14% to 36%. However it is brought down again to 14% through drying operation for milling purposes. The Miller does not have an idea about the specific energy consumption in rice processing and there is no proper study on Sri Lankan rice mills of energy consumption per kg of rice produced.
This study was conducted to evaluate the electrical and thermal energy consumption pattern of the rice mills to understand the specific energy consumption per kg of rice produced, and to ascertain husk availability in the rice mills as a potential energy source. 
Rice processing
The first step in the rice milling process is the paddy cleaning. During this operation paddy is cleaned to remove the impurities other than the paddy and same size stones as paddy.
The cleaned paddy is subjected to parboiling. This process involves three basic steps of soaking, steaming and drying operations. Soaking operation has been practiced in two ways. The first method is cold soaking, which is carried out in ordinary water (27°C) for one or two days or more according to the variety and freshness of the paddy. The second way of soaking is hot soaking, where the paddy is steeped in hot water at 60°C -70°C for 3hrs to 4hrs. This hot water is produced using an electrical heater, a steam heat exchanger or direct steam. The soaking operation increases paddy moisture content from 14% to 26%. Soaked paddy is subjected to 4 -5 minutes direct steaming, according to the variety, at high steam pressure to increase the kernel moisture from 26% to 36%.
Rice processing requires paddy with less than 14% (wet basis) moisture. Therefore, a drying operation is carried out in two ways either as sun drying (natural) or artificial drying. Sun drying is the most common practice in Sri Lanka. However, these mills have artificial dryers also to compensate during the rainy season. In contrast to that, some mills only use the mechanical drying for this purpose. The hot air is generated for drying by using steam through the heat exchanger which is assisted with a blower, and it has a elevator and flow regulator to circulate the paddy in the dryer to get uniform drying.
After drying, paddy is fed to the rubber roll paddy husker to strip off the husk. This operation produces 70 -80% husked paddy mixed with unhusked paddy. The paddy separator is used to separate the rice from the paddy. This brown rice is exposed to the whitening and polishing operation; the bran layer is removed (8 -10%), for producing the brilliant white rice with little rice bran attached to the surface. Some millers have wet polishers to polish the rice to remove the total bran and oil content on the grain of rice and help to increase the yield and make the surface smooth and shining. Then, rice is graded by using the length grader or sieve of wire woven net to produce whole grain separated (more than 1/2 size) from the broken grain. This whole grain is passed through the Colour sorter to remove the discoloured and black grain from the white rice.
Boiler
A Boiler is used to produce the live steam for parboiling and drying of the paddy in the rice mill. However, in some cases, steam is used for soaking of the paddy too. The Boiler is operated on direct firing of paddy husk in the boiler furnace. Two types of boilers are used in the rice mills; these are the vertical type and the horizontal type boiler; otherwise single or three pass fire tube boiler with the help of FD or/and ID fan. Water is fed to the boiler by diffuser or centrifugal pump. It is pressurized to 100 Psig and steam-evaporating capacity is varying according to the mills.
Conveyors
This is also a major energy consuming operation in the rice mills. These conveyors are used to transfer the paddy/ rice from one operation to another, and most of the time conveyors are mechanical bucket type elevators. It consists of a motor in the power range of 1 -3 hp single phase.
Material & Methodology
In order to undertake the energy consumption pattern, six rice mills of different capacities were selected from major rice processing districts of A'pura, Polonnaruwa and Ampara for this survey. These rice mills arc categorised based on following factors. 
Husk utilization percentage:
Husk is quantified from the total paddy taken for production in the rice mill, that is, 20% of husk produced from total milled paddy. On site husk utilization by the rice mill, (feeding rate of husk to the boiler), is taken with the time, and the consumption rate of husk is calculated by dividing quantity of husk with duration of feeding. The ratio of husk production and utilization on site is ratio of quantity of paddy husk utilized in the boiler to total quantity of paddy husk produced as a by product from rice processing.
Boiler Evaporation & Efficiency:
Boiler efficiency is calculated from husk fuel energy feed to the boiler divided by energy in the water evaporated during this period. Rate of evaporation and feed is calculated by dividing the water and paddy husk consumed by boiler with the time taken. The assumption was made that all steam evaporated in the boiler is used for parboiling or drying or otherwise both together.
Energy

Consumption:
Electrical energy consumption of kWh was converted to MJ by using the 3.6-converting factor. Similarly, thermal energy consumption for the process was calculated from the boiler pressure and rate of water evaporated. The steam table was used to get the energy content according to the temperature and pressure of steam. Thermal energy input for rice processing from the solid fuel is obtained by total consumption of paddy husk to the boiler. It is converted to thermal energy by using a converting factor of 13.5 MJ/ kgEnergy consumption per ton of made rice: Energy required per ton of made rice was calculated from the production and energy consumption value of each rice mills. Contribution made by the electricity and husk fuel used for producing one ton of rice as a percentage of total energy consumption has also been determined. The data of electrical consumption and production have been collected for one-year; that is through the monthly electricity bill and production statistics from the rice millers to evaluate the specific energy in the rice mill. Husk Utilization: Fig 04 shows the husk utilization percentage in the rice mills. Modern rice mills utilization varies between 50% and 98%. However, Fl and F3 utilization is very low due to raw rice production husk availability. Semi modern rice mill utilization varies between 88.6% and 105.19%. However, F6 consumes less than other semi modern rice mills due to re circulating the condensate to the boiler. Boiler Efficiency: Fig 05 shows shows the daily electrical and thermal energy consumption pattern in a semi modern rice mill for parboiled rice processing having a capacity of 11 ton/day. The parboiling process started at 0200 h and ended at 0700 h and this operation consumes thermal energy at an average of 445 kW, However, the dryer was started at 0400 h and circulates the parboiled paddy to cool down. The drying operation was begun at 0700 hrs with hot air up to 1700 hrs. The average electrical and thermal energy consumption is 20 kW and 236 kW respectively. Electrical energy consumption has suddenly increased to 80 kW due to the milling process while drying is carried out in the rice mill and this peak demand continues from 0800 hrs to 1800 hrs.
Conclusion
The variation in the rate of electrical energy consumption kWh/ton is less compared to that of the husk utilization. It indicates the better control of the use of electrical energy.
Thermal energy consumption has a very high standard deviation due to steam leaks, no insulation, unnecessary piping, improperly selected and maintained steam traps.
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Efficiency of the boiler in the modern and semi modern rice mills is very low due to the poor energy conversion and transferring methods. 
